Background and purpose: Early detection of Residual disease (RD) is vital for salvage possibilities after (chemo) radiatiotherapy for oropharyngeal carcinoma (OPC). We standardized clinical investigation to test its added value to MRI response evaluation and investigated the benefit of FDG-PET/CT. Materials and methods: Radiological response evaluation using Ojiri-score was done for 234 patients with OPC, using MRI 12 weeks after (chemo) radiotherapy between 2010 and 2014. The presence of mucosal lesions and/or major complaints (still completely tube feeding-dependent and/or opiate-dependent because of swallowing problems) was scored as clinical suspicion (CS). Retrospectively, the performance of Ojiri to predict RD was compared to CS and both combined using Pearson Chi-squared. Of the whole group, FDG-PET/CT metabolic response (MR) was available in 50 patients. Results: Twelve out of 234 patients (5.1%) had RD. Ojiri and CS had excellent negative predictive value (NPV) (98% and 100% respectively). The combination of CS and Ojiri reduced false positives by 32% (38-26 patients) without lowering NPV (98%). No patients with complete MR (n = 39) at the FDG-PET/ CT had RD compared to 5 (45%) with partial MR. Conclusion: For response evaluation in OPC, the combination of CS and Ojiri-score improved the predictive accuracy by reducing false positives compared to them individually. FDG-PET/CT is promising to further reduce false positives.
Introduction
Head and neck squamous cell carcinoma (HNSCC) ranks sixth among the most common cancers [1] . The incidence of oropharyngeal cancer (OPC) is increasing because of human papilloma virus (HPV) positive OPC [2, 3] .
Loco-regional control and overall survival (OS) in OPC have been impressively improved [4, 5] . Nonetheless, local failure (LF) remains an important cause of morbidity and mortality [4, 6] . Since a significant proportion of LFs arise from persisting local tumor after treatment, accurate response evaluation is vital. The early detection of residual disease (RD) can provide possibilities for salvage surgery [6] .
Response evaluation is routinely done using radiological examination with magnetic resonance imaging (MRI) and/or computed tomography (CT) 2-3 months after (chemo) radiotherapy. In case of suspicion of RD, an examination under anesthesia (EUA) with biopsies is performed to confirm RD.
Ojiri et al. [7] proposed a 4-point grading scale, comparing the primary tumor on pre-and post-treatment imaging. Patients with a higher score had a significantly increased risk of RD and LF. Van den Broek et al. [8] used MRI to determine the Ojiri- excellent in identifying low-risk patients, obviating the need for an EUA in these patients. The relatively high false positives however can result in unnecessary and potentially harmful EUA's to exclude recurrences. Patients with OPC often have cardiovascular and pulmonary comorbidities raising the risk of anesthesia [9] . Postradiotherapy invasive procedures, such as biopsies, was one of the significant predictive factors for persistent radionecrosis and mucosal ulceration [10] .
The risk of these technical improvements in medical imaging is that it can cause physicians to disregard their clinical examination and judgment. In fact, articles on response evaluation often do not report symptoms and clinical examination at all [7, 8, 11, 12] . Standardizing clinical investigation makes it possible to investigate it's performance and include it into a response evaluation model.
The study investigates the predictive performance of standardized clinical investigation: clinical suspicion (CS). It aims to develop a prediction model for RD in patients with OPC after (chemo) radiotherapy by combining Ojiri-score with CS. Patients will be stratified in RD risk groups to guide the need for further investigations. Finally, the predictive value of fluorodeoxyglucose (FDG)-positron emission tomography (PET)/CT for response evaluation will be investigated.
Patients and methods

Patients
Patients were included between January 2010 and April 2014. Inclusion criteria were histological proven squamous cell OPC scheduled for curative (chemo) radiotherapy. The research proposal was approved by the medical ethical committee and there was a waiver of the requirements for obtaining informed consent. All data were collected retrospectively from the electronic health record. The patient cohort was previously used to analyze the pattern of failure after (chemo) radiotherapy for OPC and to correlate the site of failure to the received radiation dose [6] .
Pre-treatment evaluations consisted of complete medical history, physical examination and EUA with biopsies. Staging was completed with chest X-ray, ultrasound with FNA of the neck and head and neck MRI-scan. FDG-PET/CT was performed in patients with stage III and IV disease. All patients were presented at the weekly multidisciplinary meeting where the choice for radiotherapy alone or chemoradiotherapy was based on institutional guidelines.
Imaging
MRI was performed before treatment and the median interval after treatment was 11 weeks (range 8-14 weeks) for response evaluation. MRI scans were acquired at 1.5 Tesla on a Philips MRI scanner. The imaging protocol included T1 turbo spin echo weighted sequences before and after gadolinium injection (TR/ TE: 538/10 ms, FA: 90 degrees, slice thickness: 3-4 mm with an 0.5 interslice gap), axial and coronal T2 SPIR weighted sequences (TR/TE: 3554/90 ms, FA: 90 degrees, slice thickness 3 mm with a 0.3 interslice gap) and 3D Thrive (T1 weighted) sequences after gadolinium injection (TR/TE: 4595/10 ms, FA: 10 degrees, slice thickness: 0.9 mm).
FDG-PET/CT was performed in case of a discrepancy between the clinical and radiological findings or in some cases according to physician discretion or patients' request. The median time between the end of treatment and the response evaluation by means of FDG-PET/CT was 15 weeks (range 13-20 weeks). The PET/CT is a Philips Gemini TF (with time of flight). The voxel size in the head-and neck area is 2 mm. The scanner fulfils the EARL accreditation. Osirix version 7.0.3 was used for the PET analysis. We defined complete metabolic response (CMR) as the absence of visually detectable uptake of FDG at prior tumor locations, above the surrounding background of FDG uptake in normal tissues in the head-neck area. Those with any residual metabolic activity above background inside the original tumor area were scored as partial metabolic response (PMR).
Treatment
Patients were immobilized in supine treatment position in a custom-made head-and-neck mask. A contrast-enhanced planning CT-scan was performed in all patients. The gross tumor volume of the primary tumor (GTVp) and the involved node(s) (GTVn) were delineated on the contrast-enhanced CT-scan. The high-dose clinical target volumes (CTVp 70Gy and CTVn 70Gy ) was generated by adding 1 cm margin to the delineated GTVp and GTVn. The elective CTV of the primary tumor (CTVp 46Gy ) was generated by adding 5 mm margin to the generated CTVp 
Response evaluation and follow-up
Following completion of treatment, patients were seen at the out-patient clinic every 2 weeks until the acute radiation-induced toxicities subsided. Response evaluation was performed 11 weeks (range 8-14) after treatment with MRI-scans. For the primary tumor, the posttreatment MRI was compared to the pretreatment MRI by a dedicated head and neck radiologist. The response was scored according to a 4-point grading system introduced by Ojiri et al. [7] . Ojiri 0 was scored if no detectable focal abnormalities other than post-radiation changes remained. Ojiri 1 represented anatomical asymmetry or discrete mass 10 mm. Ojiri 2a meant the presence of a discrete mass > 10 mm and grade 2b was scored when the greatest diameter reduced by less than 50% [7, 8] . In 50 patients, FDG-PET/CT was also performed for the response evaluation, 15 weeks (range 13-20) after completion of the (chemo) radiotherapy. Of those patients, 30 patients belong to the high-risk group of RD, 18 to the intermediate risk, and 2 to the low-risk group. The FDG-PET/CT was done in the 2 lowrisk group because of patients' request or doctor discretion and in high-and intermediate-risk groups because of clinical and/or radiological suspicion for RD (major complaints, mucosal lesion and/or Ojiri 2a or 2b).
One week after the response MRI, patients attended the outpatient clinic to discuss the results and for clinical evaluation. The presence of mucosal lesion (ulcer, mass or irregular aspect) and/ or major complaints (still completely tube feeding-dependent and/or opiate-dependent because of swallowing pain) was defined as highly suspicious for RD, those patients scored positive for clinical suspicion (CS). RD was defined as LF within the first 6 months after the start of treatment. LF's were confirmed by biopsy after radiological-or clinical suspicion.
After the response evaluation, medical histroy and clinical examination (including flexible laryngoscopy) continued once every 3 months the first year, once every 4 months the second year and thereafter every 6 months.
End points and statistical analysis
The performance of Ojiri-score and CS to predict RD was evaluated using Pearson Chi-squared test. This was compared with the combination of both Ojiri-score and CS (a positive result consisted of patients with both Ojiri-score 2a + b and CS). Subsequently the sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) were calculated. In a subgroup of patients, this was also performed for FDG-PET/CT CMR and PMR.
A Kaplan-Meier estimator was used to investigate Local failure free survival (LFFS) for patients grouped to Ojiri-score and CS and curves were compared using a log-rank test.
All p-values were 2-sided using a significance threshold of 0.05. All analyses were done using SPSS statistics version 22, 2013.
Results
The current study included 234 patients with OPC with MRI pre-treatment and 3 months after completion of (chemo) radiotherapy. Out of the original cohort of 240 patients, 6 were excluded because no response MRI was present. The median follow-up was 33 months (range, 5-70). Table 1 shows patient's demographics.
Out of 234 patients, 12 had RD (5.1%). The incidence of RD for patients with Ojiri-score 0 + 1 and 2a + b was 2.1% (4 out of 188) and 17.4% (8 out of 46), respectively (p < 1eÀ4) and for patients with and without CS was 16.9% (12 out of 71) and 0% (0 out of 163), respectively (p < 1eÀ7). Of the 34 patients who had both CS and Ojiri 2a + b, 23.5% (8 out of 34) had RD compared to 2% (4 out of 200) for all other patients (p < 1eÀ6). The combination of CS and Ojiri reduced the false positives by 32% (38-26) without increasing the false negatives (Table 2) . Table 3 demonstrates the performance of the Ojiri-score, CS and the combination of the two for separating patients with and without RD. Sensitivities of Ojiri-score, CS and the combination were 67%, 100% and 67%, respectively. Specificities were 83%, 73% and 88%, respectively. PPVs were 17%, 17% and 24%, respectively. NPVs were 98%, 100% and 98%, respectively. In all the HPV-positive patients (n = 107) no RD was reported (0%), while 12% of patients (12 out of 100) had RD in the HPV-negative group (p < 1eÀ3). Supplementary Table 1 shows the performance of Ojiri-score, CS and the combination of both stratified by HPV-status. In the 100 patients with an HPV-negative tumor, the sensitivities were 67%, 100% and 67%, respectively, the specificities were 80%, 65% and 84%, respectively, the accuracies were 78%, 69% and 82%, respectively, the PPVs were 31%, 28% and 36%, respectively, and the NPVs were 95%, 100%, 95%, respectively. In the 107 patients with an HPV-positive tumor, there were no patients with RD so the sensitivities could not be calculated. The specificity and accuracy were 84%, 79% and 90%, respectively, the PPV was 0%, and the NPV was 100% for all three. Crosstabs showing the ability of Ojiri, CS and the combination of the two to identify patients with RD and those without RD. Ojiri, CS and the two combined were all 3 able to significantly predict RD (Pearson Chi-squared was p < 1eÀ4, p < 1eÀ7 and p < 1eÀ6 respectively). There was a modest decrease of false-positives for the combination. Abbreviations: CS = clinical suspicion, RD = residual disease. Fig. 2 (p < 1eÀ8) . Furthermore, CS shows an additive prognostic value on top of Ojiriscore. This is reflected for Ojiri 0 + 1 patients in Supplementary  Fig. 1 (p < 1eÀ6) and for Ojiri 2a + b patients in Supplementary  Fig. 2 (p = 0.034). 
Risk group stratification
Based on this data, patients with OPC were stratified into 3 risk groups with regard to the risk of RD, using Ojiri-score and CS (Fig. 3) . The low-risk group contained patients with Ojiri 0 + 1 without CS. The high-risk group of patients with Ojiri 2a + b and CS. All other patients (Ojiri 0 + 1 with CS and Ojiri 2a + b without CS) were classified as intermediate-risk. Low-risk patients had no RD. Intermediate-risk patients had 8.2% RD (4 out of 49 patients). High-risk patients had 23.5% RD (8 out of 34 patients).
Response evaluation using FDG-PET/CT was done in 50 patients. Of the whole group, 39 patients had a CMR (78%). None of these patients had RD translating to an excellent sensitivity (100%) and NPV (100%). Of the 11 patients with PMR, 5 had RD, translating to a PPV of 45%. The specificity and accuracy were 87% and 88%, respectively. Subgroup analysis by risk stratification showed that both patients from the low-risk group had CMR (100%). The figures for the intermediate-and high-risk groups were 17 (94%), and 20 (67%), respectively.
Discussion
Response evaluation after (chemo) radiotherapy for OPC is routinely done using clinical examination with MRI and/or CT 2-3 months after (chemo) radiotherapy.
The current study aimed to standardize the clinical investigation and examine its predictive value for RD and to construct a minimally invasive prediction model for RD, thereby decreasing unnecessary EUA's and biopsies with subsequent reduction of the associated morbidity of these investigations in this vulnerable group of patients [9, 10, 13] .
We defined CS as the presence of mucosal lesions (ulcers, irregular aspect or masses) and/or major complaints (still completely tube feeding-dependent and/or opiate-dependent because of serious swallowing problems). This definition is in concordance with daily clinical practice in our institution. The combination of CS and Ojiri-score resulted in a reduction of false positives by 32% without increasing the false negatives. Our results show why standardized clinical investigation should be an important part of the response assessment since it had a similar predictive value compared to MRI (Ojiri-score). This makes it very remarkable that the role of clinical judgement is barely mentioned in the response assessment studies [7, 8, 11, 12] .
Based on the results of the current study, we could use predefined criteria for CS and Ojiri-score to stratify patients into three risk groups with regard to RD to guide the need for additional investigations. In the low-risk group, additional investigations can safely be omitted without jeopardizing salvage possibilities. No patients had a RD in this group (Fig. 3) . In the high-risk group, 23.5% of patients had RD, making an EUA with biopsies mandatory. This leaves an intermediate group of patients with a relatively low rate of RD (8.2%) but too high to omit further investigations altogether. In order to reduce the false positivity of this model we add FDG-PET/CT to the response evaluation in 50 patients. This demonstrated excellent sensitivity and NPV and, therefore, FDG-PET/CT might be promising.
The HPV-status was highly predictive for RD. When we repeated the analysis according to the HPV-status, the incidence of RD in HPV-positive and HPV-negative patients were 0% and 12%, respectively (p < 1eÀ3). Nevertheless, we aimed to construct a response prediction model, applicable for all patients with OPC, independent of HPV-status. Even in patients with HPV-positive disease with a very low chance of having RD, radiation oncologist will still perform additional investigation in these patients when there is clinical (having major complaints or mucosal ulcer) or radiological (Ojiri 2a and 2b) suspicion of RD.
Patients with OPC are often treated primarily with (chemo) radiotherapy aiming at organ-preservation. Accurate response evaluation is mandatory to offer salvage surgery for patients with RD. Our group recently analyzed the impact of salvage treatment on OS in patients with recurrent or residual OPC after organ preserving treatment. Two-year OS after local recurrence was significantly better in patients with salvage treatment possibilities compared to those without (82% vs. 21% OS after 2 years; p < 0.001, HR for salvage: 0.18, 95% CI: 0.07-0.51) [6] .
Different imaging modalities are used to evaluate the response of HNSCC to the organ-preservation strategies. The survey conducted by the Dutch Head and Neck Oncology Cooperative Group in eight head and neck cancer centers concerning response evaluation after chemoradiotherapy for advanced OPC showed a substantial variation in the diagnostic policy concerning response evaluation after CRT in the Netherlands [14] . Similar to our study, King et al. [15] investigated the role of MRI in early posttreatment assessment of the primary tumor by dividing patients according to the pattern of the residual masses on the T2-weighted MRI. In that study, the incidence of RD in pattern 1 (only scar tissue), pattern 2 (no signs of pattern 1 or 3) and pattern 3 (expansile mass ! 1 cm) were 0%, 55%, and 100%, respectively. Abdel Razek et al. [16] identified a cut off ADC value of 1.3 Â 10 À3 mm 2 /s for the differentiation of RD from post-therapeutic changes in cohort of 30 patients with an accuracy of 87%. Vandecaveye et al. [17] compared the pretreatment ADC value to the values after chemoradiotherapy for HNSCC. The increase in ADC was significantly lower in patients with a later recurrence. FDG-PET/CT is nowadays increasingly used for the response evaluation. Mehanna et al. [18] showed that PET-CT-guided surveillance after (chemo) radiotherapy for HNSCC resulted in comparable OS, compared to patients underwent planned neck dissection. Furthermore, PET-CT-guided surveillance resulted in significantly less neck dissections than did planned dissection surgery (54 vs. 221) while the rates of surgical complications were similar in the two groups.
With regard to the use FDG-PET for the response evaluation of the primary site, a meta-analysis of 2.335 patients with HNSCC showed a NPV of 95% and PPV of 59% for FDG-PET/CT [12] . Kim et al. [11] described a series of 78 patients with locally advanced HNSCC treated with chemoradiotherapy, none of the 41 patients with a CMR had a RD opposed to 10 out of 37 with a PMR. Very comparable results are shown in our study in the 50 patients who received FDG-PET/CT for response evaluation. The sensitivity and NPV was 100% and the PPV was 45%. When this analysis was repeated for the small subgroups, 17 out of 18 patients in the intermediate-risk had MCR and none of these patients has RD.
The limitations of our study include the possible bias of the retrospective gathering of our data. Our definition of RD (local recurrence within 6 months after start of treatment) is not based on an universally accepted definition. However, if we extended this definition to 12 months the predictive values of Ojiri-score, CS and the combination remained significant and our conclusions did not alter (Supplementary Table 2 ). We also included long-term LFFS of Ojiriscore and CS to prove our results are not dependent on the RD definition and truly identify patient groups with different LF/RD risks.
Concluding, the combination of CS and Ojiri-score improved the predictive accuracy by reducing false positives and allowed to stratify patients into 3 risk groups with regard to RD and the need for further investigations. The role of FDG-PET in the intermediateand possibly high-risk group seems promising to further increase the accuracy of the detection of RD, thereby reducing the number of unnecessary EUA's and biopsies with subsequent reduction of the associated morbidity of these investigations. Internal and external validations studies are planned in our institution and in collaboration with other head and neck cancer centers.
